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During the present war emergency, under the urge of the Federal 
Government to store coal, the following questions are arising in the minds of 
coal users: 


(a) Will the coal lose any of its heating vaiue in storage? | 
(>) Will it slack and give a smaller-size coal? 

(c) Will its burning characteristics change in any way? 
(d) Will it catch fire from spontaneous combustion? 

(e) What precautions shculd be taken when storing coal? 


| In regard tc the loss of heating value of coal in storege, tests made by 

tne Bureau of Mines show that the lcss commonly has been overestimated. 
Various types of storage tests were made on New River, Pcecahontes, Fittsburgh 
Cas, and Sheridan Wyoming coals. The following is quoted from Bureau of 
ifines Bulletin 186, Deterioration in the Heating Value of Coal During Storage, 
ty E. C. Porter and F. K. Ovitz: 


Except for the subbiturinous Wyoming coal, no loss in heating 
value was observed in outdoor weathering greater than 1.2 percent 
in the first year or 2.1 percent in 2 years. The Wyoming coal suffered 
somewhat more loss, 2 to 3 percent in the first ye2r, and as muchas 
0-0 percent in 3 years. 


17 Presented before the National Association of: Power Engineers at the 
National Convention, Baltimore, Md., 1941. 
The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: ‘‘Reprinted from Bureau of 
ae Mines Information Circular 7211.” z : 
2/ Supervising engineer, Fuel Keonomy Service, Fureau of Mines, U.S. 
Department cf the Interior. 
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The extent of slacking of coal in storage depends principally cn the rank 
of the coal. The lower-rank co2ls, such as lignite, subbituminous coals, 
and hieh-volatile, high-innerent-moisture bituminous coals, slack from weather 3 
_ ing much more readily than the higher-rank coals. Tne slac‘ing, under gooa 
storage conditions, ordinarily extends only a short distance into the coal from 
its exposed surface. Very little difficulty, if any, frcm slacking should be 
experienced with the higher-ranking eastcrn coals. The Bureau of Mines nas 
developed a laboratory test to indicate the tendency of 2 coal to slack.2 


Some changes in burning characteristics may occur in some coals in 
storage. It is of importance primarily for slack-size coals. For example, 
the caking tendencies of the coal may decrease apnreciably. Wnetner or not 
the decrease in caking or coking tendencies affects the efficiency of the fuel- 
burning equipment Gepends upon its tvpe. For example, such coal would not 
burn nearly so satisfactorily on a nand-fired qown-drait furnece; after being 
stored for many months it would not stay on the upper giates as well. Storage 
rnight improve the ccal for use on domestic underfeed stokers cr chain-grate 
stokers; for soreader stokers it would make little difference; for large under- 
feed stokers the efficiency might be affected. Sometimes coal particularly 
low-volatile sleck, after long storage, acts ‘‘dead’’ as described by a fireman; 
that is, it does not ceem to ignite so readily at the lower temperatures. This 
tendency is noticeable chiefly in hand-firing where furnace tem»veratures are 
not particularly high. There also may be slight changes in the mineral matter 
of the coal, which oxidizes to some extent. Such changes need not ordinarily 
be given much consideration. 


Whether or not a coal will heat in storage from spontaneous combustion 
depends on many factors. Owing to the comrlexity of these factors, exactly | 
when and how much the coal will heat cannot always be judged for every storage 
condition. It is not difficult to store coal provided these factors are evaluated 


correctly and the means are at hand for carrying out the proper methods needec 
for each case. 


Spontaneous heating is the uniting of the coal with oxygen; it is the same 
as the burning process in the furnace excent that it proceeds at a much lower 
rate. The following is quoted from Bureau of Mines Technical Paper 409, 
Spontaneous treating of Coal, by J. D. Davis and D. A. Reynclds: 


All coéls but anthracite undergo svontaneous heating; the liability 


to self-heating is greatest arnong coais of lowest rank. 


3/ Fieldner, A. C., Selvig, W. A., and 'rederic, W. H., Accelerated Laborators 
Test of Determination of Slacking Characteristics of Coal: Bureau cf ; 
Mines Rept. of Investigations sU0e; 1930).24- sp, 
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Oxidation of the coal substance itself is the main cause of 
spontaneous combustion; some cf the crganic constituents may 
contribute racre to the heating then cthers, but it nas not been 
shown that eny one constituent exerts a preponderant influence 
to the exclusicn of the rest. 


The process of spontaneous heating is operative at room 
temperatures as soon as freshly broken coal is exposed to the 
air. It begins with the physical absorption of oxygen and is con- 
tinued by the formation of a solid chemical compound of coal and: 
oxvgen, which is gradually decomposed as the temperature rises. 
The coal increases in weight by the amount of oxygen retained. 
There follows the breaking up of the solid compcund cf coal and 
oxveen and the formation of the final oxidation products - carbon 


dioxide, carbon monoxide, and water. This process generates 


With the Arvalachian coals, oxidation begins to be appreciable 
at about 85°F. and increases in intensity as the temperature rises. 
With lower-rank coals the beginning ternperature is lower. The 
rate of heating increases with the temperature; that is, no coal 
has as an inherent croperty a critical temperature at which there 
is a sharp transition from relatively slow to rapid hoating. 


Pyrite when finely divided can increase the tendency of a 
coal to heat spontanecusly. Althcuch it has been shown that coals 
containing virtually no pyrite have fired svontaneously, it has also 
been quite definitely shown that fine pyrite, when present in the 
coal, does increase the rate of oxidation. 


Opinions differ as to wnat effect moisture in coal has on 


spontaneous heating. Probably the effect of moisture is determined 
ky the conditions of storage. 


Chemical factors other than those touched upon heave little 
or no influence on the spontanecus heating cf coal. 


An important factor is the total surface area of the coal exposed to the 


air; the greater the surface the more chance of union with oxygen. Table 1 
snows the variation of surface area with size. For a ton of coal in the form 
of a solid cube, there is about 48 square feet of surface; as the cube is broken 
down to smaller sizes, Say to Slack coal, there may be 3,000 or 10,000 square 
icet. Experience indicates that good-size egg or lump bituminous coal when 


stored ordinarily gives no trouble from spontaneous heating, mainly because 
tnere is not enough surface area. 
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TABLE 1. - Variation of surface area of ton of coal with coal 
size (coal considered to be in the form of cubes 
or spheres of the size designated) 


| Wale Squere fect per ton | Size uare feet per ton 
2,.63-foot cube 48 4-rmosh 6,727 
6-inch lump | 212 8-mesh 17,416 
3-inch nut B44 16-mesh 34,796 
1-1/2-inch 1,083 390-mech 70,341 
8/4-inch 2,176 50-mesn 
3/8-inch 4,052 100-mesn 


Another factcr is the temperature of the coal; chemical action increases 
in intensity as the temperature rises. The reaction between coal and air 
doubles for ebout each 10°F. If the temperature of the coal is 60°F. and it is 
raised to 80° or 90°F ., the rate at which the oxyzen of the air unites with the 
coal increases {cur to eight times. Figure 14/ illustrates this action. 


If the heat developed spcntaneously is removed as rapidly as it develops, 
the coal temperature will not rise. Figure 2 shows how the rate of heating 
decreases when heat is removed. In a vile of coal wheve the heat is not 
removed, however, the rate may increase very rapidly; it is sclf-aggravatine. 
Figure 3 illustrates the action. The problem of storage of coal is to remove 
the heat at least as rapidly as it is generated by oxygen. A pile of coal, 
therefore, might do anything from actually cooling to very rapidly catching 
fire, depending on now much heat is removed. 


Air moving through a pile of coal supplies oxygen for burning and also 
carries away heat. It may cause increased heating or increased cooling, 
depending upon the amount. When coal is viled by letting it drop the larger 
lumps fall to the outside (see figure 4). Such a pile creates an ideal ccndition 
for spontaneous heating. If one spot heats, it will sradually heat the whole 
pile. There is always the chance that some spot will receive exactly the right 
ventilation so that the correct amount of cxyven is brought in and yet not 
enough heat is carried away, as illustrated in figure & There is much air 
movement on the outside edgas, yet in the center the air ean harcly venetrate. 
There is no ventilation at some spots and much at others. Naturally, some- 
where in the pile will be a snot where there is just the right ventilation to 
produce a “‘hot’’ spot. Figure 6 shows such a soot at A. 


The time element is also a factor. A pile of coal might stand for 3 or 


4 weeks without trouble, as it has not had time to heat up; but later it might 
take fire. 


Le a -~ ee 
4/ Figures taken from Hood, ©. P., Spontaneous Combustion of Coal: Bureau 
of Mines Inf. Cire. 7074, 1939, 5 pp. 
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Zone Time 


Frovuas 2—Genoeration of heat in coal pile during increasing periods of time. Heat 
removed. 
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Spontaneous heating can be prevented or lessened Ly: 


(a) Storing coal under water. ~- Water prevents the access 
of air. It does not appreciably harm the coal except to make it 
very wet. This is often quite undesirable. If the very fine sizes 
are removed previous to under-water storage, the water will 
drain much better from the coal when it is taken from storage. 
Usually a cheaper and more satisfactory way of storing can be 
devised for most coals. 


Compressing the pile in layers as with a road roller 
or tractor bulidozer to prevent access of air. - If the pile is 
packed tightly, little air can reach the coal. This method is 
used considerably, particularly by the larger coal users. 


(c) Storing large-size coal. - This is practicable for 
the domestic consumer. Coals that give trouble when stored 
outdoors in ordinary piles in the slack sizes frequently give no 
trouble if the fines, say below 10-mesh or even smaller, are 
removed before storage. 


eventing eregaticn cf Siz, ile. - Itis 
usually best to pile in layers. This prevents such a wide variation 
in the air movement through the coal. Many of the difficulties 

now being experienced in silos, bins, and bunkers could be greatly 


lessened if care were taken as to how the coal was spilled by the 
chutes. 


a Q ing in small os and keening the storage height as 
low 2s nossible. - Six feet is considered high. This is applicable 
to small storage quantities. 


(f) Keeping storage away from any external sources of 


heat. - Stored coal, for example, should not be close to hot steam 
pipes. 


(2) Avoiding any draft of air throuch the coal. - It has been 
sted in the past that a number of pipes be put through the coal 
to give ventilation. Attempts to ventilate generally cause more 
trouble. The best method is to prevent all access of air. Itis 
usually not realized what a large amount of air passes through 
slits, cracks, ill-fitting gates, and coal handling and storing equip- 
ment in general. If coal is piled, for example on the ground, the 
sides of the pile give opportunity for air movement; therefore coal 
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placed level in a storage aree having airtight sides and pete 
would give less trouble from seyontaneous heating. Cnly the = 

of the coal could be reacned by air. A layer of 2 few inches o 

very fine coal on the top would prevert effective eir movement 

into the coal. It would be well for sucn a scneme to provide 

some type of covering tc prevent tne access of rain. ‘The ae 
ing is quoted from a paper by M. ¥. Drewry of tne Milwaukee + ec- 
tric Light & Railway Co., entitled Prevention of eon eae. . 
Heatine of Large Coal Piles,’’ published in the February 1937 issue 
cf ‘Combustion’’: 


Sealing the sides and top of a coal storage pile 
to prevent or greatly reduce air circulation through 
it effectively inhibits sopontanecus heating and permits 
long-time storage with small loss of neating value. 


Providing an airtight coating by a continuous 
layer of fine coal, approaching pulverized coal in 
fineness, is a practical and effective means of seal- 
ing a coal pile. A second covering of iump coal 
prevents wind and rain erosion of the fine coal layer. 


‘Vinds are probably more respcensible for air 
movement and heating in crcl piles than is the stack 
effect within the pile. 


An airtight coating of asphalt actually extinguished 
combustion in a large pile and changed rapid heating into 
slow but positive cooling. A seal of fine ccal caused the 
measured loss of ancther pile to be neglicible. Fireproof- 
ing with fine coal has become an established practice 
where coal must te stored 9 moritns. 

(hb) Using older portions of the storajre first, avoiding accu- 
mulations of old coal in corners. - Such coal is apt to have the 


needed time for appreciable heating to develop. Dead coal space 
is a chronic trouble with much coal-storazge equioment. 


It is desirable to wetch the temperature of the pile. This can be done by 
the use of thermometer schemes. An iron rod driven into the coal will reveal 
temperatures; 2a pipe may be so used thrcugh whicn a thermometer may be 
dropped. When a temperature of about 120°F. is reached in piles that have 
not been rolled arrangements should be made tc move the coal if the tempera- 
ture continues to rise appreciably. In packed piles the temperature can be 
somewhat higher without much danger from actual firing. Spontaneous heating 
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af coalis 2a relatively slow process; ordinary observation from time to time 
rives amnle opportunity to prevent ective firing. Using water to put outa 

jire may be effective for the moment, but in many instances such use only 
delays the necessity of moving the coal. Frequently ccal storea when wet will 
rive more trouble tuan stored when dry. Tne ventilation is affected. Small 
storag3 fires have been put out by smothering with carbon dioxide gas from 
“cry ice’”’ or from the tanked liquid form. 
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